Abstract Sleep disturbance has emerged as a significant factor in the development and course of psychopathology. Its cross-cutting nature, demonstrated impact on co-occurring disorders, and the presence of efficacious interventions to address it, make sleep a desirable treatment target among individuals suffering from various mental and physical health disorders. In the past several years, researchers and clinicians alike have come to appreciate the role that sleep disturbance plays in the development and course of suicidal thought and behavior. The present review synthesizes the sleep and suicide literature published since 2012. A search of the PubMed and psycINFO databases yielded 41 articles that were appropriate for the present review. Consistent with prior reviews, sleep disturbance, insomnia, and nightmares were, overall, positively associated with suicidal thought and behavior. Future studies should seek to expand current lines of research in the sleep and suicide arena beyond global constructs and into investigations of mechanism.
Introduction
As the tenth leading cause of death in the USA, suicide remains a pressing public health concern [1] . The increasing severity of the suicide problem was underscored in a recent National Center for Health Statistics (NCHS) data brief which reported that the adjusted, national suicide rate rose 24 % between 1999 and 2014 [2] . During this time, sleep has emerged as a critical factor in the development, course, and resolution of conditions like depression and post-traumatic stress disorder [3] [4] [5] . Reports of a link between sleep and suicidal thoughts and behavior have also been available for some time [6] , although the first meta-analysis examining the strength of this relationship was not published until 2012 [7] . A somewhat sizable body of work in this area has since been published.
As proposed by others [8, 9] , the relationship between sleep and suicide may become manifest via numerous putative mechanisms. These include but are not limited to the following: a) fragmentation of the sleep cycle (e.g., difficulty falling asleep resulting in decreased total sleep time), b) disruption of neurotransmitters and hormones associated with the sleepwake processes and with psychopathology, c) psychological distress or increased feelings of hopelessness, d) sleep disturbance blunted response to treatments aimed at reducing psychopathology, e) impaired executive functioning, and f) increased prevalence of medical comorbidities.
Until recently, the literature regarding the sleep-suicide relationship has remained largely at the construct and conceptual level. Similarly, investigations of the relationships among sleep variables and suicidal thought and behavior most often This article is part of the Topical Collection on Sleep and Psychological Disorders occurred at the level of generalized Bsleep disturbance.F inally, given the existence of several efficacious treatments for common sleep disorders (e.g., insomnia, sleep apnea, nightmares) [10] , sleep disturbance represents a highly modifiable risk factor for suicide. In order for sleep medicine to augment suicide prevention strategies, however, it is important to solidify our understanding of the relationships of sleep variables to suicide outcomes and particularly whether sleep disturbance is an independent risk factor for suicide or simply a proxy for psychopathology like depression. To that end, publications have increasingly examined the relationship of specific disorders (e.g., insomnia) in the development and course of suicidal thought and behavior, while controlling for psychopathology. The present review synthesizes the literature on this topic published since 2012 and reports on the unique associations that insomnia, nightmares, and generalized sleep disturbance each have with suicidal ideation, suicide attempts, and suicide.
Methods
A systematic review of the literature was conducted using both PsycINFO and PubMed databases. Using Boolean search logic and MeSH terms, the search was driven using the following terms: suicide or suicidal or suicide attempt or suicidal thought or suicidal ideation and sleep or sleep disturbance or sleep disorder or nightmare or dream or insomnia or shift work or shiftwork or sleep apnea or sleep disordered breathing or sleep initiation disorder or sleep maintenance disorder or sleep psychology or sleep epidemiology. In order to supplement the literature search, a hand search was conducted using the references sections of the reviewed articles. Eligible articles met the following criteria : 1) available in English, 2) utilized human subjects over 18 years of age, 3) original research, 4) published in a peer reviewed journal, 5) reported data on suicidal ideation, attempts, or deaths, 6) reported data on sleep pathology, pattern, or quality, 7) the association between suicide and sleep outcomes were reported or presented in such a way that the relationship could be interpreted and were published between January 1, 2012 and January 1, 2016.
Results
The literature search resulted in 1003 articles from PubMed and 839 from PsycINFO databases. A total of 12 articles were also identified by hand-searching the reference sections of the reviewed articles. This sample of articles was then reduced by including only articles published between January 1, 2012 and January 1, 2016. Of the 96 articles remaining, 65 were identified as warranting further review. Seventeen articles were excluded because the relationship between sleep and suicide was not interpretable. Another seven articles were excluded because they were not considered original research (e.g., case studies, commentaries). This left a total of 41 articles that met all inclusion criteria (see Fig. 1 ).
The articles included in this review are primarily cross-sectional, examine a range of populations, and utilize a number of different sleep and suicide variables. For ease of interpretation, we have organized the review that follows into four main subsections: generalized sleep disturbance, insomnia, nightmares, and other sleep variables or conditions (e.g., articles that addressed sleep quality, sleep duration, circadian rhythms, or sleep apnea). Table 1 also lists articles by these section headings, where an article may appear in more than one section if it addressed more than one of these topics. Finally, given the high profile of suicide among military veterans, the text includes a section on the sleep-suicide relationship among this population (the section is not included in Table 1 ).
Generalized Sleep Disturbance
Ten studies included in this review [11-13, 14•, 15, 16, 17•, 18-20] provided a characterization of the relationship among generalized sleep disturbance (e.g., utilized sleep variables that did not measure a specifically defined construct such as insomnia) and suicidal thought and behavior. All ten of the studies examined reported an initial significant association between sleep disturbance and suicidality. Notably, of these studies, nine also examined this relationship while controlling for comorbid psychopathology and in all but one the relationship between suicidality and sleep disturbance remained significant [12] . Two studies conducted longitudinal examinations of the relationship between sleep disturbance and suicidality [11, 17•] . Nadorff and colleagues [17•] followed psychiatric inpatients (N = 1529) biweekly over the course of a 6-week treatment episode and found that changes in sleep patterns were associated with greater suicidal ideation at both admission and discharge. Further, for those participants whose sleep did not improve during the treatment episode, suicidal ideation was significantly greater at discharge. Pigeon and colleagues [11] conducted retrospective chart reviews on a sample of veteran suicide decedents (N = 424) who had a documented visit to the Veterans Health Administration in the year prior to their death. After adjusting for comorbid psychopathology and age, those veterans with sleep disturbance had a shorter time to death as compared to those veteran suicide decedents without sleep disturbance. It is of note that three of these studies reported significant associations among sleep disturbance and either suicide attempts [18] or death by suicide [11, 16] , providing further evidence that the relationship between sleep and suicide is not limited to ideation, but rather extends to behavior.
Insomnia
Eighteen studies reported on the relationship between insomnia and suicidality [15, 21, 22 A few studies reported null findings regarding the relationship between insomnia and suicide risk [32] and suicide attempt [21, 28] , with three additional studies having nonsignificant findings after controlling for comorbid psychopathology [34] [35] [36] . The majority of studies that examined insomnia, however, reported that a significant association with greater suicidality remained after accounting for co-occurring psychopathology [15, 22, 23•, 24, 25, 27, 30•, 31, 33•, 37] .
Nightmares
Seven studies explored the relationship between nightmares and suicidal thought and behavior [22, 27, 32, 34, 36, 38, 39] . The examination of the relationship between nightmares and suicidality presents an interesting angle with which to explore the sleep-suicide relationship. Nightmares, however, are often observed in the context of comorbid psychopathology (e.g., posttraumatic stress disorder or a significant trauma history). This makes it ever more important that researchers attempt to disentangle the unique effects of the presence or severity of nightmares from co-occurring or comorbid disorders. Of the seven studies included in this review, six reported positive associations between the presence or severity of nightmares and suicidal thought or behavior [17•, 22, 27, 36, 38, 39] . Of those, four studies further examined these relationships while controlling for other psychopathology and all four results remained significant [17•, 22, 27, 36] .
Other Sleep Variables and Conditions
Sleep Quality Nine of ten studies that examined sleep quality reported a positive relationship between sleep quality and suicidality [30•, 38, 40, 41•, 42-46] . Of the eight studies in this group that examined suicidal ideation, five did so why controlling for psychopathology. Notably, all five of these studies reported a significant association between poorer sleep quality and presence of suicidal ideation that remained significant after controlling for comorbid psychopathology [42] [43] [44] [45] [46] . The lone study of sleep quality and suicidality that reported null findings involved a cross-sectional examination of outpatient, female, fibromyalgia patients [47] .
Sleep Duration Between the years of 2012 and 2016, five cross-sectional studies, including several large community studies, reported on the relationship between sleep duration and suicide [14•, 41•, 42, 48, 49] . Studies generally reported a significant relationship between sleep duration and suicidal ideation [41•, 48, 49] such that less sleep was associated with increased frequency or intensity of suicidal ideation. In addition to ideation, another study that utilized data from suicide decedents reported a similar and significant relationship between sleep duration and suicide risk [14•] . The exception to this trend was a 2014 study of US military veterans receiving primary care services conducted by Chakravorty and colleagues [42] that did not find a significant relationship. While cross-sectional in nature, these studies provide a significant step forward in that they incrementally move the examination of the sleep-suicide relationship towards measures of sleep continuity and mechanism and away from global constructs of impairment. 
Denotes no data available
Circadian Rhythm Circadian rhythm and sleep rhythmicity were examined in two articles included as part of this review [15, 50] . The studies found that both lifetime problems with rhythmicity and having an eveningness chronotype were associated with an increased likelihood of suicidal ideation. Chan and colleagues' 2014 [50] study utilizing a sample of outpatients diagnosed with major depressive disorder (N = 253) also reported a significant relationship between lifetime history of suicide attempt and eveningness chronotype. However, in Dell'Osso and colleagues' 2014 [15] investigation of individuals diagnosed with posttraumatic stress disorder (N = 65), the relationship between rhythmicity and history of a suicide attempt was nonsignificant. It is premature to draw conclusions on the relationship among circadian factors and suicidality given the limited number of studies that examined during this time period.
Sleep Apnea Two studies examined suicidal ideation in the context of obstructive sleep apnea (OSA). Choi and colleagues [35] investigated the association between insomnia and suicidal ideation among participants diagnosed with OSA. They reported a weak association between greater insomnia (i.e., higher ISI total score) and greater suicidal ideation (as measured by a single item). This relationship was no longer significant after controlling for depression symptom severity. This study is actually included in the insomnia section of Table 1 , but is discussed here as it provided one of the initial estimates of the prevalence of suicidal ideation among individuals diagnosed with OSA as 20.5 % of their sample (N = 117) reported at least some suicidal ideation. Edwards and colleagues [51•] built on this literature with a recent examination of the role that treatment for OSA played in depression severity. They reported significant reductions in suicidal ideation at 3-month follow-up among a subsample of patients with OSA who utilized continuous positive airway pressure and who had reported suicidal ideation at baseline. The study unfortunately again only used a single item to assess suicidal ideation and excluded a large number of their initial sample that was non-adherent to CPAP, limiting the inferences that can be drawn from the data.
Military Veterans Nine of the articles reviewed utilized a veteran sample [11, 13, 19, 23•, 24, 34, 40, 41•, 42] . The relationship between sleep problems and suicide among veterans is of particular interest given the prevalence of sleep problems and elevated rate of suicide in this population. Of the nine studies reviewed that used veteran samples, four reported on insomnia symptoms, three indicated a positive association between insomnia symptoms and suicidal ideation [23•, 24, 42] , whereas one reported the relationship as nonsignificant [34] . However, in the Chakravorty and colleagues study [42] , the relationship between insomnia symptoms and SI was no longer significant when part of a multivariate model that controlled for other psychopathology. In this subset of studies, self-reported sleep quality demonstrated the most robust relationship to SI, as poorer sleep quality often remained significantly associated with increased likelihood or severity of SI when controlling for other risk factors [41•, 42] and in one study improved sleep quality mediated the relationship between an exercise intervention and improvements in suicidal ideation [40] . Other metrics of sleep problems were often no longer significant when included as part of multivariate analyses that accounted for co-occurring psychopathology (e.g., sleep duration [34, 42] and nightmares [34] ). Additionally, and as described above, Pigeon and colleagues (2012) [11] provided data among a sample of veteran decedents indicating that the presence of sleep disturbance decreases survival time from last VHA visit. In sum, eight of nine studies among veterans reported at least one significant association between a sleep variable and the presence or severity of SI. As in the broader literature, however, as the operationalization of sleep-related variables become more precise, their robustness as a risk factor for suicide lessens. While these findings add to the existing literature among veterans, they also highlight the need for future prospective work in this population.
Conclusions
The present report reviewed 41 articles published between January 1, 2012 and January 1, 2016 that examined the relationship of sleep variables to suicidal thought and behavior. Consistent with prior reviews, generalized sleep disturbance, insomnia, and nightmares were, overall, positively associated with suicidal thought and behavior.
There are some notable limitations to this review. Although articles were systematically selected, we did not assess quality of studies, nor were studies included or excluded on this basis. We also did not limit studies based on sample size. An additional limitation of this review is the focus on the presence or absence of statistically significant signals indicating a relationship between sleep and suicide. There is no discussion of the magnitude and/or effect size of the findings or a nuanced examination of potential confounders (e.g., prevalence of sedative-hypnotic use among study participants).
Nonetheless, the preponderance of studies controlled for psychopathology in some manner, which represents an advance as this has previously been noted as a shortcoming in the extant literature [52] . In a 2012 meta-analysis [7] , there were no studies undertaken in military or veteran populations; the addition of nine such articles since that time also represents a needed advance.
The review reveals that several gaps remain in the literature. First, most of the studies reviewed are cross-sectional in nature precluding a thorough review of the longitudinal association of sleep disturbance with subsequent suicidal thoughts or behaviors. Eight of 41 studies were longitudinal in design, although three were retrospective chart review or psychological autopsy studies of suicide decedents [11, 16, 37] . Two of the longitudinal studies actually identified suicide decedents from long-term, prospective studies [14•, 30 •], and three were prospective studies where suicidal ideation [17•, 23•, 29•] and/ or suicide attempt [23•] were the outcomes of interest. Additional prospective studies are needed.
Second, the large majority of studies focused on suicidal ideation as an outcome, whereas far fewer focused on suicide attempts or suicide. This is true in the broader suicide literature as well and is not unexpected given that non-fatal suicide attempts, and certainly suicide, have low incidence rates. While suicidal ideation is an important outcome or occurrence, additional studies revealing that sleep disturbance or specific sleep disorders are robustly associated with suicidal behaviors would bolster the case for sleep problems representing an important modifiable risk factor for suicide.
Third, several important areas remain under-represented in the sleep-suicide literature. These include the association of objective measures of sleep architecture to suicide, for which no new studies were identified. In addition, only one study reported on the association of hypnotic medication use to suicide [33•] . Similarly, only one study assessed the association of OSA to suicide [51•] . Each of these three areas represents important areas of inquiry that remain gaps in the sleepsuicide literature.
In summary, prior reviews and meta-analyses have consistently supported a strong relationship between a variety of sleep problems and/or sleep disorders and the presence of suicidal thought and behavior, while acknowledging some shortcomings in the literature. The current review of the most recent sleep-suicide literature, first, lends further support to the presence of a sleep-suicide association. Second, there appears to be a trend to include appropriate statistical control for psychopathology, which strengthens the argument that sleep/ sleep disturbance contributes independently to suicide risk.
Third, albeit modest in number, the addition of several studies using solid prospective designs also contributes to the argument for a causal link between sleep disturbance and suicidal thought and behavior. Finally, the review revealed an ongoing lack of sufficient information about the contribution of sleep apnea, hypnotic medications, and polysomnographymeasured sleep to suicide risk and outcomes.
